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I  .    PRELIMINARY . 


1.  In  all  cases  where  the  point  of  application  of  power 

is  at  a  distance  from  the  source  the  problem  of  transmission 
at  once  presents  itself.  When  this  distance  is  too  great  for 
a  belt,  and  too  short  to  necessitate  electrical  equipment,  say 
"between  one  hundred  and  one  thousand  feet,  the  rope  drive  seems 
to  be  the  logical  solution  of  the  problem.  If  the  distance  is 
great  or  through  an  unenclosed  space  the  deterioration  of  hemp 
rope  when  exposed  to  the  weather  and  its  stretching  qualit- 
ies disqualify  it  and  leave  the  field  open  for  wire  rope  drive. 

In  mining  and  hoisting  work,  wire  rope  is  general- 
ly conceded  to  be  better  than  hemp  because  its  strength  is  so 
much  greater  that  fewer  ropes  are  required  and  this  3aves  the 
space  that  would  be  taken  up  by  the  more  numerous  hemp  ropes, 
fastenings,  sheaves,  drums,  etc..  This  applies  particularly  to 
travelling  cranes  where  a  hemp  rope  would  be  especially  un- 
desireable  on  account  of  its  bulkiness .  YJire  ropes  are  used 
almost  entirely  in  this  work  now,  having  displaced  both  the 
hemp  rope  and  the  steel  chain.  Its  advantages  over  the  chain 
consist  principally  of  more  silent  operation  and  lower  cost, 
besides  decreasing  the  liability  of  kinking. 

Wire  ropes  have  come  into  use  in  large  enough  quan- 
tities to  make  it  profitable  for  several  large  concerns  to  de- 
vote their  entire  attention  to  its  manufacture.  These  compan- 
ies are  in  the  hands  of  scientific  men  and  a  great  deal  of 
time  and  study  is  spent  in  perfecting  the  best  forms  of  ropes. 


If  the  single  wires  are  made  smaller  and  more  numerous,  the 
flexibility  is  increased,  but  the  strength  of  a  rope  of  a  given 
size  is  diminished. 

After  much  experimenting  manufacturers  have  put  sev- 
eral different  forms  of  rope  on  the  market,  the  principal  ones 
being  made  up  as  follows:-' 

6  strands  of    7  wires  each  -  Figure  1. 

6        "        "    12  ■ 

6        "        »    19  " 

6        "        "    42  " 

8        "        "    19  ■ 

1        "        "      7  " 
The  first  one  on  the  list  is  the  standard  for  hauling,  transmis- 
sion, etc.:  the  third  is  the  standard  for  hoisting;  the  last  is 
designed  for  aerial  tramways;   and  the  others  are  all  for  special 
purposes,  the  S  -  19  rope  being  very  flexible  hoisting  rope. 
2.  The  investigations  designed  in  this  thesis  are  confined 

to  the  hoisting  rope,  Fig.  3,  which  consists  of  six  strands  twisted 
around  a  hemp  cord,  each  strand  consisting  of  nineteen  small  wires 
twisted  around  a  straight  wire  in  the  center,  and  one  object  of 
these  tests  is  to  determine  the  relation  between  the  strength  of 
the  rope  and  the  sum  of  the  strengths  of  the  individual  wires . 

In  practically  every  case  where  wire  rope  is  used 
there  must  be  some  sort  of  a  fastening  to  hold  the  end.  This 
is  of  great  importance  because,  if  the  fastenings  have  little 
holding  power,  the  strength  of  the  rope  itself  is  rendered 
valueless.  Another  object  of  these  investigations  is  to  de- 
termine  the  relative  values  of  various  types  of  fastenings. 


"  2. 
"  3. 
"        4 1 

5. 

"  6. 


Standard  Hoisting 
Rope 


Nineteen    wires    to    the    strand.    Six   strands — one 
hemp  core 


Galvanized  Strand 

Seven  steel  wires  twisted  into  a  single  strand 
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II.    TEST    PIECES    A1TD    TESTS . 


3.  The  ropes  "tested  were  of  three  sizes  commercially 
known  as  one-inch,  three-quarter-inch,  and  one-half-inch  rope. 
The  one-inch  rope  consisted  of  six  strands  twisted  around  a 
one-quarter  inch  hemp  rope.  Each  of  the  strands  was  made  up  of 
nineteen  wires  of  the  following  diameters:  0.056  inches,  0.072 
inches,  and  0.075  inches. 

The  three-quarter  inch  rope  had  six  strands  twisted 
around  a  three-six  eenths  inch  hemp  cord  and  each  strand  was 
made  up  of  nineteen  wires,  the  diameters  of  which  wer©:0.044 
inc  he  s ,  0.055  inc  he s  and  0 . 06  inc he s . 

The  one-half  inch  rope  consisted  of  six  strands 
twisted  around  a  one-eighth  inch  cord,  each  strand  being  made 
up  of  nineteen  wires  having  diameters  of  0.029 

and  0.039  inches . 

4.  The  fastenings  that  are  in  use  today  are  of  several 
varieties,  the  principal  ones  being  the  babbitted  socket  end, 
the  thimble  end,  the  Crosby  fastening  and  the  flat  fastening. 

The  socket  end,  Figure  7,  is  thought  to  be  the  best 
and  is  made  as  follows:  bind  the  wire  at  a  point  six  inches  from 
the  end  of  the  rope,  then  insert  the  end  and  open  it  up,  turn- 
ing each  wire  back  upon  itself.  The  ends  are  washed  in  caustic 
soda  to  remove  grease  and  the  dipped  in  molten  solder  to  tin 
the  wires.  They  are  then  held  in  position  in  the  socket  and  an 
alio}'  of  lead,  tin,  and  antimony  cast  around  them. 

The  thimble  end,  Figure  8,  is  made  by  fraying  out 


4. 

the  ends  of  the  wire  rope,  bending  the  strands  around  a  groov- 
ed thimble,  Figure  9,  interlocking    and  then  fastening  them 
securely  by  wrapping  for  a  distance  of  about  six  inches  with 
stout  wire. 

The  Crosby  fastening,  Figure  10,  consists  of  a  flat 
piece  of  metal  with  a  groove  in  it  into  which  the  rope  is  laid. 
The  other  end  is  laid  over  it  between  the  projections  made  for 
the  purpose  and  a  U-bolt  put  over  both  wires  and  through  holes 
in  the  other  casting  and  the  wires  pulled  tight  together  by 
means  of  nuts  on  the  bolt  legs. 

The  flat  clip,  Figure  11,  consists  of  two  flat  pieces 
each  having  two  grooves.  One  wire  is  laid  in  each  groove  in  one 
casting,  the  other  casting  laid  over  it  so  that  its  grooves  fit 
the  wires  and  the  two  castings  are  then  pulled  up  close  by 
means  of  three  bolts  inserted  between  the  rope  grooves.  This 
clamp  holds  by  friction  only. 

5.  Tests  of  all  of  these  fastenings  were  made  in  a 

100,000-pound  capacity  Riehle    testing  machine,  with  the  ex- 
ception of  a  few,  where  the  loops  on  the  wires  were  so  large 
that  they  could  not  be  placed  in  the  jaws  of  this  machine, 
which  were  testsed  in  the  600,000-pound  Riehle  testing  machine 
in  the  Laboratory  of  Applied  Mechanics.  The  single  wire  tests 
were  made  in  an  Olsen  hand  power  10,000-pound  machine.  All  of 

these  machines  work  on  the  principle  of  the  ordinary  American 
machine- 

testing, A that  is,  the  load  being  put  upon  the  specimen  by  means 
of  screws.  The  load  on  the  piece  was  balanced  by  a  weight  trav- 
elling on  a  graduated  beam,  so  that  the  reading  of  the  beam 
scale  at  the  point  where  the  weight  was  stopped  when  the  beam 
was  balanced  indicated  directly  the  number  of  pounds  load  on 
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the  specimen. 

In  testing  the  clips,  both  ends  of  the  piece  of  wire 
were  fastened  by  similar  clips  around  a  piece  of  steel  bar  two 
inches  in  diameter  and  the  end  that  first  slipped  under  the  load 
was  marked.  This  clip  was  then  removed  from  the  wire  and  another 
test  made  to  determine  the  strength  of  the  second  clip.  To  make 
this  second  test  the  clip  which  had  not  slipped  was  held  as 
before,  and  the  straight  wire  laid  between  the  two  grooved  grips 
in  the  machine.  These  grips  held  the  wire  firmly  throughout  the 
test  in  every  case. 


6. 


III.  LATA. 


6.  To  bring  the  results  of  these  tests  out  more  clear- 

ly, each  division  will  be  discussed  separately  and  then  com- 
parisons can  be  made  from  a  data  sheet  where  the  entire  list 
of  results  may  be  seen. 

First,  the  case  of  the  strength  of  the  rope  compar- 
ed with  the  sum  of  the  strengths  of  the  single  wires  will  be 
taken  up.  There  have  been  a  great  many  tests  on  this  property 
of  wire  ropes  and  a  few  of  them  are  presented  here  for  the 
purpose  of  comparison . 

Table  1,  page  10,  shows  the  results  of  tests  made 
at  Yorkshire  College,  England,  as  taken  from  the  "Engineering 
Magazine",  September  11,  1895. 

Table  2,  page  11,  shows  the  results  of  tests  pub- 
lished by  William  Hewitt  of  Trenton,  Hew  Jersey,  in  the  "Pro- 
ceedings of  the  American  Society  of  Mechanical  Engineers", 
1887  -  8. 

Table  3,  page  12,  contains  data  on  wire  rope  used 
on  cable  railways  in  Switzerland  as  publised  by  Professor 
ft tmaj  er ,     Zuric h  -University .  Po  (y  tech ni'c    ScHooi  . 

Table  4,  page 13  ,  shows  the  results  of  the  invest- 
igations made  by  the  writer;  and  it  is  seen  that  they  conform 
fairly  well  with  the  other  investigators'  figures,  except  in 
a  few  cases,  where  they  show  lower  efficiency. 

Due  partly  to  the  fact  that  the  clips  tested  are  of 
recent  invention  there  are  very  few  tests  to  use  for  purposes 
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of  comparison.  William  Hewitt  published  one  set  of  tests  in 

the  "Proceedings  of  the  American  Society  of  Engineers",  1887 

and  1888,  comparing  the  holding  power  of  babbitted  sockets 

and  thimble  ends.  For  some  reason  these  figures  show  that  the 

holding  power  of  the  spliced  thimble  ends  is  far  greater  than 

is 

that  of  the  babbitted  sockets.  ThisA  irectly  oppesed  to  the 
conclusions  drawn  from  our  tests  and  also  to  the  prevailing 

practical  opinion.  The  only  reason  for  this  discrepancy  that 

Mr  l-fawitts 

can  be  advanced  by  the  writer  is  that  ]a*6  socket  ends  were 
of  very  inferior  quality,  either  because  they  were  not  well 
made,  or  because  the  babbitt  used  was  too  soft.  At  any  rate, 
there  are  no  other  results  to  be  found  that  confirm  Mr. 
Hewitt's  conclusions.  Mr,  Hewitt's  figures  are  found  in 
Table  5,  page  14. 

The  results  of  the  writer's  investigations  on  the 
holding  power  and  efficiency  of  babbitted  socket  fastenings 
will  be  identical  with  the  figures  of  Table  4,  page  13, 
because  we  considered  that  we  could  get  most  nearly  the  entire 
strength  of  the  rope  when  using  this  form  of  fastening. 

The  holding  pov/er  and  efficiency  of  thimble  end  fast 
enings  may  be  found  in  Table  6,  page  15  .  In  all  cases  the 
thimble  ends  held  until  the  rope  broke,  but  the  effect  on  the 
strength  of  the  rope  is  shown. 

In  Table  7,  page   16,  will  be  found  the  results  of 
the  writer's  investigations  on  the  holding  power  and  effic- 
iency of  the  Crosby  fastening.  In  the  last  three  tests  the 
clips  held  until  the  rope  broke,  but  the  effect  on  the 
strength  of  the  rope  is  shown. 
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Table  8,  page  17  ,  shows  the  holding  power  and  ef- 
ficiency of  the  flat  clip.  In  no  case  did  the  clip  hold  until 
the  rope  broke  and,  as  the  figures  will  show,  this  type  of 
clip  has  very  little  holding  power. 

For  purposes  of  comparison,  Table  9,  page    13,  is 
presented.  This  table  is  made  up  of  average  values  and  will 
take  in  the  entire  set  in  a  condensed  form. 
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IV.  CONCLUSIONS. 


The  conclusions  drawn  from  these  tests  are  as  fol- 
lows :- 

(a)  The  "babbitted  socket  is  the  best  method  of  fastening 
the  ends  of  wire  ropes,  from  the  holding  power  standpoint,  and 
the  other  methods  rank  as  follows:-  (2)  thimble  ends,  (3) 
Crosby  clips  and  (4)  flat  clips. 

(b)  The  holding  power  of  flat  clips  is  so  low  that  this 
type  of  clip  is  apparently  not  designed  for  service  requiring 
great  holding  power. 

(c)  ?hen  fastenings  are  used,  the  holding  power  of  each 

fastening  does  not  increase  with  the  diameter  of  the  rope. 

relative  as 
\&)  TheAholding  power  decreases  much  more  rapidly 

the, diameters  of  the  ropes  increase. 


TABLE  1. 
Yorkshire  College  Tests  of  Strength  of  Wire  R 


Breaking 
Load  of 
Rope , 
lbs. 

12,960 
13,000 
36,960 
36 , 000 
55,500 
18,520 
59 , 400 


Sum  of 
Strength 
of  Wires, 
lbs. 

13,380 
13,880 
38,440 
38 , 440 
57,600 
19,820 
41,600 


Strength 

of 
Pope , 
lb  .  /so . in 

186,800 
187,400 
192,400 
187,400 
192,300 
186,800 
189,000 


Effic- 
iency, 
Per- 
cent . 

93.5 
93.8 
96.1 
95.8 
96.4 
93.5 
94.7 


TABLE  2. 


Ratio  of  Breaking  Load  of  Rope  to  Sum  of 
Strengths  of  Individual  Wires. # 


Circuiii-  Average  Eff  in- 
ference Number  iency, 

of  of  Per- 

Rope,  in.  Tests.  cent. 

3  3/8  9  79.2 

3  1/4-  21  81.6 

3  1/8  18  82.9 

3  27  82.5 

2  7/8  6  82.8 

2  6  84 .6 

17/8  24  35.9 

1  3/4  30  85.9 

1  5/8  12  83.7 


-  By  William  Hewitt,  Trenton,  Hew  Jersey. 


TABLE  3. 


Tests  of  Wire  Rope  Used,  on  Cab  lev/ ays  in 
Switzerland. 


Diameter      Tensile           Tensile  Effic 

of           Strength         Strength  iency 

Rope,          of  Rope,          of  Single  ?er- 

in  .          lb./sq.in.        Wire,  cent 

lb . /sq.in. 


1.65 

220,000 

265,000 

83 

.0 

1.67 

117,000 

122,000 

96 

.0 

1.18 

205,000 

207,000 

92 

.3 

1.00 

184,000 

191,000 

96 

.5 

1.00 

184,000 

190,000 

96 

.9 

1.38 

180,000 

222,000 

81 

.1 

1.30 

226,000 

247,000 

91 

.6 

1.26 

210,000 

258,000 

88 

.4 

1.00 

190,000 

190,000 

100 

.0 
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University  of  Illinois  Tests  of  Relation  of  Strength 
of  Wire  Rope  to  Strength  of  Individual  Wires. 


Diam  . 

Area  of 

Stress, 

S  x 

A, 

Strength 

Effic- 

Ave . 

of  Rope 

,  Metal 

lb. 

lb. 

of  Rope, 

iency, 

Per- 

in . 

in  Rone 

-/  ^  X 

-LU  , 

.r  c  ±  — 

c  ent 

sq.  in. 

sq.  in. 

c  ent 

1.00 

0.419.7 

253,500 

106, 

000 

85,900 

81.0 

1.00 

0.4197 

259,600 

100, 

300 

85,850 

85.6 

1.00 

0.4197 

237,000 

99, 

500 

86,130 

86.8 

34.5 

0.75  _ 

0.2563 

212,000 

54, 

500 

50,340 

92.5 

0.75 

0.2563 

242,500 

62, 

100 

50,710 

81.8 

0.75 

0.256  3 

240,000 

61, 

600 

50,470 

81.9 

85.4 

0 . 50 

0.1169 

209,000 

23, 

450 

20,870 

89  .0 

0.50 

0.1169 

190,000 

22, 

200 

20,550 

92.6 

87.8 
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TABLE  5. 

Comparison  of  Holding  Power  of  Socket  and  Thimble 
Ends,  by  William  Hewitt,  Trenton,  N.  J. 

-^3DA4ni-            Fasten-  Breaking 

eter,             ing  Load, 

in .  lb  . 

1.00               Socket  27,430 

1.00               Thimble  53,000 

0.75               Socket  25,140 

0.75               Thimble  28,870 

0,50              Socket  3,850 

0.50               Thimble  12,930 
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TABLE      6  . 

University  of  Illinois  Tests  of  Holding  Power  of 
Thimble  End  Fastenings. 


Diam- 
eter 

of 
Rope , 

in. 

1.00 
1.00 
1.00 

0.75 
0.75 
0.75 

0.50 
0.50 
0.50 


Ultimate 
Strength 
of  Rope, 
lbs. 


106,000 
100,300 
99,500 

54,500 
62,100 
61,600 

23,450 
22,200 
22,820 


Holding 
Power  of 
Rope  with 
Thimble 
End,  lbs. 

53,700 
52,100 
56,500 

43,350 
42,200 
42,210 

17,800 
17,830 
18,300 


Effic- 
iency of 
Fasten- 


Percent . 

50.6 
51.8 
56.8 

79.5 
68.0 
68.5 

76.0 
30.5 
80.4 


Ave . 
Effic- 
iency, 
Per- 
cent . 


53.1 


72.0 


79.0 


TABLE  7. 


University  of  Illinois  Tests  of  Holding  Power  and 
Efficiency  of  Crosby  Clips. # 


Diameter 
of  Rope, 
in . 


Ultimate 
Strength 
of  Rope, 
lb. 


Holding 
Power 
of  Clips, 
lb. 


Effic- 
iency o: 
Clips, 
Percent 


Ave . 
Effic- 
iency, 


Percent 


JL 


1.00 

106 , 000 

17,900 

16.9 

1.00 

100,300 

21,500 

21*2 

1.00 

99 , 500 

25,800 

25.9 

21. 5 

0.75 

54,500 

23,000 

51.4 

0.75 

62,100 

22,900 

36.9 

0.75 

61,600 

31,400 

51.0 

0.75 

53 , 100 

33,400 

63 . 5 

52.0 

0.50 

23,450 

15,550 

66.3 

0.50 

22,200 

16,600 

74.7 

70.5 

'  -  Two 

clips  were  used 

for  each 

fastening . 

17 . 

Urn    1  « 

TABLE 

8. 

University 

of  Illinois 

Tests  of  Holding  Power 

and 

Efficiency  of 

Flat  Clips. 

Diameter 

Ultimate 

Holding 

Effic- 

Ave. 

of  Rope , 

Strength 

Power 

iency  of 

Effic- 

in. 

of  Rope, 

of  Clips, 

Clips , 

iency, 

lb. 

lb. 

Percent 

~?eTc  ent 

1.00 

106,000 

3,800 

3.58 

1.00 

100,300 

2,900 

2.89 

1.00 

99,500 

3,500 

3.52 

1.00 

102,900 

4,050 

3.94 

3  48 

0.75 

54.500 

5,600 

10.25 

0.75 

62,100 

6,000 

9  .66 

0.75 

61,600 

5,800 

9.41 

0.75 

56,100 

5,450 

9.71 

9  76 

0.50 

23,450 

6,800 

28.95 

0.50 

22,200 

5,300 

23.85 

26.40 
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TABLE  9. 

University  of  Illinois  Tests  of  Efficiencies  of 
Wire  Rope  and  Fastenings . 


Diameter  Efficiencies      in  Percent, 

of  Rope,  Babbitted         Thimble           Crosby  Flat 

in.  Socket.               End.               Clip.#  Clip. 

1.00  84.5                   53.1                 21.3  3.5 

0.75  35.4              -    72.0                 52.0  9.8 

0.50  37.8                   79.0                 70.5  26.4 


#  -  Two  Crosby  clips  were  used  to  each  fastening. 
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